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IMPROVED POROUS MULLITE BODIES AND METHODS OF FORMING THEM 
Field of the Invention 

The invention relates to mullite bodies and 
method of forming mullite bodies. In particular, the 
5 invention relates to mullite bodies having fused 

interlocked acicular grains and a method of forming them. 

Background of the Invention 

) Recently, more stringent regulations of 
particulate matter emitted by diesel engines have been 
• 10 passed in Europe and the United States. To meet these 

regulations, it is expected that particulate filters will 
be necessary. 

. These particulate filters will have to meet 
multiple contradictory exacting requirements. For 

15 exaii5)le, the filter must have sufficient porosity 

• (generally greater than 55 percent porosity) while. still 
retaining most of the emitted micrometer sized diesel 
particulates (generally greater than 90 percent capture of 
the emitted particulates). The filte?: must also be 

20 permeable enough so that excessive back pressure does not 
occur too quickly, while still being able to be . loaded 
with a great amount of soot before being regenerated. The. 
filter must withstand the corrosive exhaust environment 
for long periods of time. The filter must have an initial 

25 strength to be placed into a container attached to the 
exhaust system. The filter must be able to withstand 
thejnnal cycling (i.e., retain adequate strength) from the 
b\iming off of the soot entrapped in the filter 
(regeneration) over thousands of cycles where local 

30 temperatures may reach as high as 1600°C. From these 
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stringent criteria, ceramic filters have been the choice 
of material to develop a diesel pcurticulate filter. 

Early on, ceramic filters of sintered cordierite 
were explored as. a possible. diesel particulate filter. 
5 Cordierite was explored because of its low cost and use as 
a three-way catalyst support in automotive exhaust 
systems. Unfortunately, cordierite has not displayed the 
capability of high porosity, high permeability and high 
soot loading in conjunction with retained strength after 
10 thousands of regeneration cycles to satisfy the stringent 
requirements described cdDOve. 

More recently, silicon carbide has become of 
interest as filters because of its high strength and 
ability to maintain strength after thermal cycling. 
15 However, silicon carbide suffers, for example, from having 
to be sintered at high teinperature using expensive fine 
silicon Ccorbide powder. Because silicon carbide is 
sintered, the pore structure that develops results in 
limited soot loading before excessive back pressure 

f 

20 develops. 

In addition, mullite of interlaced crystals 
grown together have been described by U.S. Patent No. 
5,098,455, for use as a diesel particulate trap. These 
mullite filters have not met the demanding criteria of a 
25 diesel filter such as thermal shock resistance. 

Accordingly, it would be desirable to provide 
both a formation method and a ceramic material that solves 
one or more of the problems of the prior art, such as one 
of those described above. 



61804 



-2- 



Summary of the Invention 

A first aspect of the present invention is a 
method for preparing an acicular mullite composition, the 
method comprising, 

5 ' a) forming a mixture of one or more precursor- 

compounds having the elements present in mullite and a 
property enhancing conpound, the property enhancing 
compound containing an element selected from the group 
consisting of Mg, Ca, Fe, Na, K, Ce, Pr, Nd, Sm, Eu, Gd, 
10 Tb, Dy, Ho, Er, Tm, Yb, Lu, B, Y, Sc, Ac and combination 
thereof . 

b) shaping the mixture into a porous green 

shape, 

c) heating the porous green shape of step (b) 
15 under an atmosphere having a fluorine containing gas and 

to a temperature sufficient to form a mullite coinposition 
comprised substantially of acicular mullite grains that 
are essentially chemically bound. 

A second aspect of the invention is a porous 
20 mullite composition comprised substantially of acicular 
mullite grains that are essentially chemically bound, 
wherein the mullite contposition has a phase on at least a 
portion of the mullite grains, wherein the phase is 
comprised of at least one element selected from the group 
25 consisting of Ce, Pr, Nd, Sm, Eu, Gd. Tb, Dy, Ho, Er, Tm, 
Yb,. Lu, B, Y, Sc, and Ac. 

Surprisingly, the presence of the elements in 
the phase described above results in a porous acicular 
mullite structure that has an ianproved thermal shock 
JO factor coirpared to a mullite composition inade in the 
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absence of these elements. In addition, in some 
compositions of the present invention, such* as those 
containing cerium, a mullite conqposition is formed that is 
stronger, denser and yet more permeable than a mullite 
5 composition made in the absence these elements. 

The mullite body of the present invention may be 
used in any application suitable for mullite. Examples 
include filters, refractories, thermal and electrical 
insulators, reinforcement for composite bodies of metals 
10 or plastics, catalysts and catalyst supports. 

Detailed Description of the Invention 

Mullite Composition 

The mullite coitrposition is comprised of acicular 
mullite grains essentially chemically bound. It is 

15 desirable that the mullite grains coinprise at least about 
90 percent of the mullite composition. Preferably the 
mullite grains comprise at least about 95 percent, more 
preferably at least about 98 percent, even more preferably 
at least about 99 percent by volume of the composition. 

20 The mullite coitrposition, in addition to the. mullite 

grains, contains a glassy phase comprised of silica, and 
metal impurities in the form of oxides, which may be 
present in the glass as crystalline precipitates. The 
glassy phase, generally, is situated at the grain surface 

25 and at intersecting grain surfaces. 

Acicular mullite grains are grains that have an 
aspect ratio of greater than about 2 (e.g., length twice 
as gxeat as width) , Desirably, the acicular mullite 
grains present in the mullite composition have an average 
30 aspect ratio of at least about 5. Preferably, the average 
aspect ratio is at least about 10, more preferably at 
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least about 15, even more preferably at least about 20 and 
most preferably at least about 40. 

Essentially all of the mullite coji©os it ion's 
grains are chemically bound to other mullite grains of the 
5 body. This means that at most about 1 percent by volume 
of the mullite grains fail to be bound chemically to other 
mullite grains. Preferably, essentially all of the 
mullite crrains are chemically botind. Generally, 
chemically bound is when the grains are sintered or fused 
10 together. • The fusing and sintering occurs at the grain 
interfaces, which is generally con^jrised of an amorphous 
oxide (glassy) phase (i.e., disordered phase) of Si and 
may also contain Al. 

This phase, in the mullite composition, is 
15 contprised of at least one element selected from the group 
consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu, B, Y, Sc, and Ac. The element or elements may be 
present in the glass structure itself or may be present as 
crystalline precipitates within the glass phase comprised 
20 of Si described previously. 

In a preferred embodiment, the phase contains an 
oxide of Mg, Ca, Y or combination thereof with an oxide of 
Nd, Ce,_ B or combination thereof. Particularly preferred 
combinations of oxides are Nd/Mg, Nd/Ca, B/Mg, B/Ca, 

25 Ce/Mg, and Ce/Y. A most preferred combination is Nd/Mg, 
which gives excellent strength and thermal shock 
resistance. It has been found that when using this 
combination that a high strength porous combination can be 
made. This is thought to be due to complimentary Effects 

30 each element has on the coinpositioi^. in particular, it is 
preferred that the ratio of Nd/Mg in the coi^position is 
about 0.1 to about 10 by weight. More preferably the 
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ratio is at least about 0,2, even more preferably at least 
about 1 and most preferably at least about 2 to more 
preferably at most about 7 and most preferably at most 
about 5. 

5 It has been observed that aforementioned 

combinations of elements allow the formation of an 
acicular mullite with a particularly in5>roved thermal 
shock factor. It has been found that acicular mullite 
containing these combinations of elements result in an 

10 acicular mullite that is substantially devoid of mullite 
grains that have a broomstick structure. Mullite grains 
having a broomstick structure are characterized by a 
larger acicular mullite grain that has multiple smaller 
grains growing out of an end of the grain causing it look 

15 like a broomstick. Substantially devoid of these' 

broomstick grains means that the acicular mullite has at 
most 10 percent by number of the grains are broomstick 
grains. This is compared to acicular mullite made in the 
absence of the property enhancing compound generally 

20 having more than 10 percent by nximber of broomstick 
grains. Preferably at mpst about 5% by number, more 
preferably at most about 3%, even more preferably at most 
about 2% and most preferably at most 1% by number of the 
grains are broomstick grains. It is also preferred that 

25 the acicular mullite have essentially no broomstick 

grains, but only clean acicular grains (i.e., grains that 
have no smaller grains growing from the end of the grain) . 

The micros true ture may be deteirmined by suitable 
techniques such as microscopy on a polished section. For 
30 example, the average mullite grain size may be deteinnined 
from a scanning electron micrograph (SEM) of a polished 
section of the body, wherein the average grain size may be 
determined by the intercept method described by Underwood 
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in Quantitative Stereology , Addison Wesley/ Reading, MA, 
(1970) . The formation of broomstick grains generally is 
determined from several scanning electron micrographs at a 
magnification of 500X and lOOOX of a fractured mullite 
5 surface- The composition of the phase on at least a • 
portion of the mullite grains may be determined by knovm 
chemical analysis techniques such as those knovm in the 
art of electron microscopy. 

The amount of the element present in the phase 

10 of the mullite composition may vary over a wide range 

depending on the properties, micros true tures desired and 
elements selected. Generally, the total amount of the 
element or elements in the mullite composition is from 
about 0.01% to about 12% by voliome of the mullite 

15 composition, wherein the volume is the volume of the 

element as an oxide. The total amount of .the element or 
elements present in the mullite composition, prefereODly is 
at least about 0.1%, more preferably at least about 0.5% , 
and most preferably at least about 1.0% to preferably at 

20 most about 10% , more preferably at most about 5.0%, an<i 
most preferably at most about 2.0% by volume of the 
mullite coirtposition, wherein the volume is the volume of 
the element as an oxide. The amount of the element 
present in the. mullite coirrposition may be determined by 

25 any suitable bulk analysis technique such as those known 
in the art (e.g., X-ray fluorescence). 

Generally, the mullite composition has a 
porosity of at least about 40% to at most about 85%. 
Preferably, the mullite composition has a porosity of at 
30 least about 45%, more preferably at least about 50%, even 
more preferably at least about 55%, and most preferably at 
least about 57% to preferably at most about 80%, more 

r 
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preferably at most about 75%, and most preferably at most 
about 70%. 

The mullite composition, when used as diesel 
particulate trap should have a retained strength that is 
5 adequate to survive a diesel peurticulate filter 

environment. Retained strength is the bending strength of 
the conrposition after being heated in air to SOCC for two 
hours. Generally, the retained strength is at least about 
15 MPa. Preferably, the retained strength is at least 

10 . about 17 JiPa, more preferably the retained strength is at 
least about 19 MPa, even more preferably at least about 20 
MPa and most preferably at least about 25 MPa. The 
retained strength is generally determined by 4 point 
bending of a bar cut from a mullite honeycomb. The 

15 strength measurement may be made using a known technique 
such as described by ASTM C1161. 

In addition, the mullite composition desirably 
has a permeability coefficient that is as high as possible 
to reduce back pressure buildup, while still retaining 

20 sufficient particles. The permeability coefficient is 

proportional, for example, to the total amount of porosity 
and size of the pores and inversely proportional to 
tortuousity of the interconnected porosity. Generally, 
the permeability coefficient should be at least 1x10"" m^ 

25 as determined using Darcy's equation. Preferably, the 
permeability coefficient is at least about 2xl0~" m^. 
Surprisingly, when Ce is present in the mullite 
con^osition, the' strength, density and permeability all 
increase compared to mullite composition made in the same 

30 way, absent the property enhancing compound. 

« 

Most surprisingly, the mullite composition 
containing the aforementioned elements has improved 



61804 



-8- 



thermal shock factor compared to a mullite composition 
failing to have said elements and having the same 
porosity. Generally, the thermal shock factor is at least 
about 300»C, more preferably at least about 350»C, and most 
5 preferably at least about 400<'C. The thermal shock factor 
(TSF) is given by the following equation: 

_ StrengOi 
(ModulusXCm) 

where CTE is the coefficient of thermal expansion given in 
(1/*C) . Mullite's CTE is 5 xlO'^ per °C. 

^° Even though the theoretical Al/Si mullite 

stoichiometry is 3 (3Al203»2Si02, the bulk Al/Si 
' stoichiometry of the mullite composition may be any 
suitable stoichiometry, such as 4A1/Si to 2A1/Si. The 
most suitable bulk stoichiometry is dependent on factors 

15 such as the precursors and processing used and may be 
readily determined by one skilled in the art. Bulk 
stoichiometry means the ratio of Al to Si in the body 
(i.e., not each individual grain), it is preferred that 
the bulk stoichiometry of the body is less than 3.1, which 

20 correlates to an alumina (AI2O3) to silica <Si02) 
stoichiometry of less than 1.55. The Al/Si bulk 
stoichimetry preferably is at most 3.05, more preferably 
at most about 3.0, and most preferably at most about 2.95 
to preferably at least about 2.2. The' bulk stoichiometry 

25 may be measured by any suitable techniques, such as those 
known in the art, including, for example. X-ray 
fluorescence. 
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Forming the Mullite 

In making the mullite composition, precursor 
coicqpounds containing Al, Si and oxygen are mixed with a 
property enhancing c.ontpQ\ind to form a mixture capable of 
formijig mullite. Precursor compounds that may be used are 
described in U.S. Patent Ncs. 5,194,154; 5,198,007; 
5,173,349; 4,911,902; 5,252,272; 4,948,766 and 4,910,172, 
each incorporated herein by reference. The mixture may 
also contain organic compounds to facilitate the shaping 
of the mixture {e.g., binders and dispersants, such as 
those described in Jntroduction to the Principles of 
Ceramic Processing, J. Reed, Wiley Interscience, 1988) . 

Generally, the mixture is comprised of clay 
(i.e., hydrated aluminiam silicate) and precursor compounds 
such as, alumina, silica, aluminum trifluoride, 
fluorotopaz and zeolites. Preferably, the precursor 
contpoimds are selected from the group consisting of clay, 
silica, aliamina and mixtures thereof. Most preferably, 
the mixtxare is coinprised of clay and alxamina. 

The property enhancing compound may be any 
compound' that is an oxide or forms an oxide when the 
mullite cons)Osition is heated in air, wherein the compound 
contains an element selected from the group consisting of 
Mg, Ca, Fe, Na, K, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Yb, Lu, B, Y, Sc, Ac and combination thereof. Since, 
the elements listed fail to include Al and Si, the 
compound necessarily is not ^ preciorsor compound (i.e., 
not a clay or aliamina) . The property enhancing compound 
may be an oxide, an inorganic metal salt (e.g., chloride, 
fluoride, nitrate, chlorate, carbonate) or an organic 
metal compound such as an acetate. Preferably the 
compound is an oxide, nitrate, acetate, carbonate or 
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combination thereof. Most preferably the contpound is an 

oxide. In a particular preferred embodiment, the property 

« 

enhancing compound is talc (hydrated Mg silicate) . The 
amount Si in the precursor contpoimds must be adjusted when 
using talc as the property enhancing compound due to the 
presence of Si in the talc. 

Preferably, the property enhancing compound or 
compounds is one that contains ein element selected from 
the group consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu, B, Y, Sc, Ac and mixture thereof. 
More preferably, the element is Nd, B, Y, Ce or mixture 
thereof • 

In a preferred embodiment of the invention the 
property enhancing compoimd is a first compound that 
contains Nd, Ce, and B or mixture thereof and a second 
compound or compounds that contain Mg, Ca, Y, Pr, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Sc, Ac or mixture thereof. 

The precursor compounds may be selected in 
proportions so that the resultant mullite has an 2V1/Si 
bulk stoichiometry from about 2 to about 4, as described 
previously. Preferably, the precxirsors are selected so 
that the mullite body has an Al/Si bulk stoichiometry of 
at most about 2.95 to 2, as previously described. It is 
understood herein that the Al/Si stoichiometry refers to 
the alumin\un and . silicon in the precursor that actually 
form the mullite coinposition. That is to say, if the 
fluorine source,, for example, is AIF3, the amount of Si02 
present in the precursors for stoichiometir/ purposes must 
be reduced by an amoxint of SiF4 that is volatalized off by 
the reaction of the fluojrine from the AIF3 with the SiOa to 
form SiF4. 
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The property enhancing compoxind is added to the 
mixture in an aiaoimt generally from about 0.01% to about 
12% by voliame of the mixtxrre or in the alternative in an 
amoxint sufficient to provide the amount of the oxide in 
5 the mullite previously described. Preferably the amount 
of the compound is at least about 0.1, more preferably at 
least about 0.5, and most preferably at least about 1.0 to 
preferably at most about 10, more preferably at most about 
.5, and most preferably at most about 2.0% by volume of the 
10 mixture . 

The mixture may be made by any suitable method 
such as those known in the art. Examples include ball 
milling ribbon blending, vertical screw mixing, V-blending 
and attrition milling. The mixture may be prepared dry 
15 (i.e., in the absence of a liquid medium) or wet. 

The mixture is then shaped into a porous shape 
by any suitable method, such as those known in the art. 
Examples include injection molding, extrusion, isostatic 
pressing, slip casting, roll compaction and tape casting. 
20 Each of these is described in more detail in Xntroduction 
to the Principles of Ceraxnic Processing, J. Reed, Chapters 
20 and 21, Wiley Interscience, 1988. 

The shaped porous shape is then heated under an 
atmosphere containing fluorine and a temperature 

25 sufficient to form the mullite composition. Fluorine may 
be provided in the gaseous atmosphere from sources such as 
SiF4, AIF3, HF NaaSiFe NaF and NH4P. Preferably, the source 
of fluorine is from SiF4. Preferably the fluorine is 
separately provided. * Separately provided'' means that the 

30 fluorine containing gas is supplied not from the compounds 
in the mixture (e.g., AIF3) , but from an external gas 
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source' puntped into the furnace heating the mixture. This 
gas preferably is a gas containing SiF4. 

Generally in the method, the porous body is 
heated to a first temperature for a time sufficient to 
5 convert the precursor compounds in the porous body to 
f luorotopaz and then raised to a second temperature 
sufficient to form the mullite composition. The 
temperature may also bq cycled between the first and 
second temperature to ensure complete mullite formation. 

10 The first temperature may be from about 500*^0 to about 
950**Ci Preferably, the first temperature is at least 
about 550**C, more preferably at least about 650**C and most 
preferably at least about 725''C to preferably at most 
about 850^*0, more preferably at most about SOC^C and most 

15 preferably at most about 775**C. 

The second teinperature may be any temperature 
suitable depending on variables such as the partial 
pressure of SiF4. Generally, the second temperature is at 
least about 960°C to at most about 1700''C. Preferably, the 
20 second temperature is at least about 1050*'C, more 

preferably at least about 1075**C and most preferably at 
least about llOO'^C to preferably at most about ISOO^'C, more 
preferably at most about 1400''C and most preferably at 
most about 1200''C. 

25 Generally, during the heating to the first 

temperature, the atmosphere is inert (e.g., nitrogen) or a 
vacuum until at least about 500^*0, which is when a 
separately provided fluorine containing gas is desirably 
introduced. During heating to the first temperature, 

30 organic compounds and water may be removed. These may 
also be removed in a separate heating step common in the 
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art described in Introduction to the Principles of Ceramic 
Processing, J, Reed, Wiley Interscience, 1988. This 
separate lieating step is commonly referred to as binder 
burnout . 

5 After cooling and forming the mullite 

composition, the mullite conqposition maybe further heat 
treated to improve - the retained strength. This heat 
treatment may be carried out in air, water vapor, oxygen, 
an inert gas or mixture thereof for a time sufficient to 

10 form the mullite composition. Examples of inert gases 
include nitrogen and the noble gases (i.e.. He, Ar, Ne, 
Kr, Xe, and Rn) . Preferably, the heat treatment 
atmosphere is an inert gas, air, water vapor or mixture 
thereof. More preferably, the heat treatment atmosphere 

15 is nitrogen, air or air containing water vapor. 

The time at the heat treatment temperature is a 
fianction of the heat treatment atmosphere, particular 
mullite composition and temperature selected. For 
example, a heat treatment in wet air (air saturated with 
20 water vapor at about 40*^C) generally requires more than 

several hours to 48 hours at lOOO^'C. In contrast, ambient 
air, dry air or nitrogen (air having a relative hvimidity 
from about 20 percent to 80 percent at room temperature) 
desirably is heated to 1400''C for at least about 2 hours. 

25 Generally, the time at the heat treatment 

temperature is at least about 0.5 hour and is dependent on 
the temperature used (i.e., generally, the higher the 
temperature, the shorter the time may be) . Preferably, 
the time at the heat treatment temperature is at least 

30 about 1 hour, more preferably at least about 2 hoxirs, even 
more preferably at least about 4 hours and most preferably 
at least about 8 hours to preferably at most about 4 days. 
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more preferably at most about 3 days, even more preferably 
at most about 2.5 days and most preferably at most about 2 
days . 

The mullite composition may be particularly 
useful as a support for a catalyst, such as precious metal 
catalyst on alumina particles, typically referred to as a 
catalyst viash coat, used in automotive catalytic 
converters. It is preferred that the mullite grains have 
an aspect ratio of at least about 10. It is also 
preferred that the wash coat makes a thin coating on at 
least a portion of the mullite grains. A portion is 
generally when at least about 10 percent of the area of 
the grains of one region are covered by the catalyst 
coating. " Preferably, substantially all of the grains of 
one region are coated- More preferably, s\ibstantially all 
of the grains of the con^josition are coated. Other 
catalyst applications the mullite composition may be 
useful include, for example, a catalytic combustor. 

Thin coating means that the catalyst wash 
coating has a. thickness generally less than the average 
smallest dimension of the grains coated. Generally, the 
thickness of the coating is at most about half the 
thickness, preferably at most about one third and most 
preferably at most about one quarter the thickness of the 
average smallest dimension of the gprains coated. 

The composition may also be particularly useful 
as a particulate (soot) trap and oxidation (i.e., exhaust) 
catalyst for mobile power applications (e.g., diesel 
engines) and stationai^/ >Power applications (e.g., power 
plants) . The mullite composition, when used as a diesel 
particulate trap, may have at least a portion of the 
mullite grains coated with a catalyst, as described above. 
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Of course, the composition may be useful as soot trap 
itself without any catalyst. 

EXAMPLES 

Exainple 1 . 

5 Bars were pressed from a mullite precursor 

, having an Al/Si stoichiometry of about 2.95. The 
precursor was made by dissolving cerium acetate (Alpha- 
Aesar, Ward Hill, MA) in an amount equaling 11.6% by, 
weight of the total amount of precursor in a 5 percent by 

10 weight of hydroxypropyl methylcellulose in water solution 
(METHOCEL 15LV, The Dow Chemical Co., Midland, Ml). The 
amount of cerium acetate corresponded to about 3.6% by 
volume cerium oxide in the mullite composition as shown in 
Table 2. To this, about 57.2 parts by weight (pbw) 

IS Pioneer Kaolin (DBK Company, Dry Branch, GA) and about 

42.8 pbw of kappa-alumina were added. The composition of 
Pioneer Kaolin is shown in Table 1. The kappa-alumina was 
prepared by heating aluminum hydroxide (P3 gibbsite, 
Alcoa, Pittsburgh, PA) to l.OOCC for 1 hour. The mixture 

20 was stirred for about 1 hour and then .dried at 45°C. The 
dried mixtxire was ground and passed through a 100 mesh 
sieve. The dried groxind mixture was then pressed into 
bars tising a uniaxial press at pressxire from about 5,000 
to about 10,000 psi. The bars heated to 1100°C in 10 

25 hours, holding at llOO'^C for 1 hour, then cooling in 5 
hours remove the organic binder (i.e., METHOCEL) and to 
dehydrate the clay (i.e., bisque fired). 

■Mie bisQ[ae-f ired bars were then placed in a 
quartz tube reactor lined with nickel foil contained 
30 within a furnace. The bars were heated under vacuum to 
720*C. At this point, SiF4 gas was introduced into the' 
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reactor at a rate of 0.44 sccm/g of sample until the 
pressure in the tube was 600 torr (80 KPa) . The reactor 
was then heated at B^'C/itiin to 995"*. When the reactor 
reached SSO'^C, the SiF4 pressure was reduced to 300 torr 
5 (40 KPa) and maintained at this pressure. When the reactor 
reached 995**C, the heating rate was reduced to l^'C/min. 
Heating continued^ while maintaining the reactor pressure 
at 300 torr (80 KPa) until the reactor temperature had 
reached 1120**C. When the evolution of SiF4 substantially 
10 ceased, the reactor was evacuated and cooled to ambient 
temperature 

The average strength of the bars, as determined 
by 4 point bend (ASTM C-1161) , was 36 MPa. The average 
porosity of the bars, as determined by measuring the 

15 weight and dimensions of the bars, was about 60 percent. 
The Elastic modulus was about 23 GPa. The calculated 
theimal shock factor was 313°C. These data are shown in 
Tables 2 and 3. In addition, the permeability was 
measured for this composition and it had a permeability of 

20 about 4 X 10 -13 m^. 

Example 2-12 

Examples 2-12 were made in the same way as 
Example 1 except that an additive different that cerixun 
acetate was used as shown in Table 2 and 3. If the 
25 . additive did not dissolve in water, it was well dispersed 
in a small amount of water and then, mixed with the 
methycellulose water solution. The pressing pressure for 
the bars was varied from about 5000 to about 10,000 psi to 
achieve the final porosity as shown in Tables 2 and 3. 
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Coiig>arative Exait^les 1 and 2 

Comparative Excunples 1 and 2 were made in the 
same way as Example 1 except that no additive was \ised and 
the pressing pressiire was varied to give the porosity 
5 shown in Tables 2 and 3. The permeability of Conparative 
Examples 1 and 2 were measured and the permeability was 2 
X 10'" m^ and 3 x 10"" m^ respectively. 

From the data in Table 1,2 and 3, each of the 
porous mullite corrpositions that contain em additive 
10 sxibstantially increases the strength of the composition 

compared to a mullite composition without the additive for 
a given porosity and the thermal shock resistance 
(factor) . 

In addition, the mullite coirpositions .having an 
15 additive may not only display greater strength, thermal 
shock resistance, but higher density while also having a 
greater peirmeability . (see Example 1 compared to 
Comparative Examples 1 and 2) . 



61804 



-18- 



TeLble 1: Clay Chemical Composition 



Component 


% by Weight 


.Si02 


45-7 


A1203 


38.5 


Fe203 


0.4 


Ti02 


1.4 


K20 


0.1 


Na20 


0.04 


MgO 


0.1 


CaO 


0.2 


Iioss on Ignition 


At 950^C 13.6% 



\ 
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WHAT IS CLAIMED IS: 

1. A method for prepairing an aciculcir mullite 
cozaposltion, the method comprising, 

a) forming a laixtxire of one or more precursor 
5 compounds having the elements present in mullite and a 

property enhancing coittpound, the property enhancing 
compound containing an element selected from the group 
consisting of Mg, Ca, Fe, Na, K, Ce, Pr, Nd, Sm, Eu, Gd, 
Tb, Py, Ho, Er, Tm, Yb, Lu, B, Y, Sc, Ac and combination 
10 thereof . 

b) shaping the mixture into a porous green 

shape, 

c) heating the porous green shape of step (b) 
under an atmosphere having a fluorine containing gas and 

15 to a temperature "sufficient to form a mullite composition 
comprised substantially of acicular mullite grains that 
are essentially chemically bound. 

2 . The method of Claim 1 wherein the precursor 
compoiinds are clay and another compound selected from the 

20 group consisting of alumina, silica, fluorotopaz, zeolite, 
AIF3 and mixtures thereof. 

3. The method of Claim 2 wherein the other 
precursor compounds are selected from the group consisting 
of alumina, silica, fluorotopaz, zeolite, and mixtures 

25 thereof. 

4 . The m:ethod of Claim 1 wherein the precursor 
compounds are aliimina, silica and clay. 

5- The method of Claim 1 wherein the fluorine 
. containing gas is SiF4 separately provided. 
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6, The ^nethod of- Claim 1 wherein the property 
enhancing compounds is an oxide, acetate, carbonate or 
nitrate. 

7 - The method of Claim 1 wherein the property 
5 enhamcing compound is talc. 

8. The method of Claim 1 wherein the property 
enhamcing compound is coitprised of a first property 
enhancing compound having axi element selected from the 
group consisting of Ce, B and Nd, and a second property 

10 enhancing compound having an element selected from the 
group consisting of Mg, Ca, Pr, Sm, Eu, Gd, Tb, Dy, Ho, 
Er, Tm, Yb, Lu, y, Sc, Ac and combination thereof - 

9. The method of Claim 8 wherein the element 
of the second property enhancing compound is Mg, Ca, Y or 

15 combination thereof. 

10. The method of Claim 1 wherein the element is 
selected from the group consisting of B, Y, Ce, Nd and 
combination thereof. 

11. The method of Claim 1 wherein the element is 
20 Nd and Mg such that the ratio of Nd/Mg in the mullite 

composition is from about 0.1 to about 10 by weight. 

12. The method of Claim 1 wherein the heating 
of step (c) is to a first temperature and then to a second 
highjsr tenqperature wherein fluoro topaz is formed at the 

25 first temperature and the mullite is formed at the second 
higher temperature. 

13 . The method of Claim 12 wherein the 
fluorotopaz formed at the first temperature is formed in 
an atmosphere comprised of SiF4 separately provided. 
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14. The method of Claim 13 wherein the first 
temperature is from about 500^C to about 950°C. 

15. The method of Claim 14 wherein the first 
temperature is at l^ast esO^'C to about TSO^'C. 

5 16/ The method of Claim 13 wherein the second 

temperature is at least about Seo'^C to at most about 
1300^C. 

17 . A porous mullite composition comprised 
substantially of acicuiar mullite grains that are 

10 essentially chemically bound, wherein the mullite 

composition has a phase on at least a portion of the 
mullite grains, wherein the phase is coii5>rised of at least 
one element selected from the group consisting of Ce, Pr, 
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, B, Y, Sc, Ac 

15 and combination thereof. 

18. The porous mullite coittposition of Claim 17 
wherein the element is selected from the group consisting 
of Ce, Nd, B, Y or combination thereof. 

19. The porous mullite composition of Claim 17 
20 wherein the coinposition has Nd and Mg therein, and the 

ratio of Nd/Mg is from about 0.1 to about 10 by weight. 

20. The porous mullite composition of Claim 19 
wherein the ratio is about 0.2 to about 5. 

21. The porous mullite composition of Claim 17 
25 wherein the porous mullite composition has a porosity of 

about 50% to about 70%. 

22. The porous mullite composition of Claim 17 
wherein the porous mullite composition has a thermal shock 
factor of at least about 300^C. 
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23 . The porous mullite composition of Claim 22 
wherein the mullite conqposition has a thermal shock factor 
of at least about 400**C. 

24.. A diesel particulate, filter comprised of 
5 the mullite composition of Claim 17. 

25. The diesel pcurticulate filter of Claim 24 
wherein the mullite composition has a catalyst coating on 
at least a portion of the mujlite grains of the mullite 
composition. 

10 26. A diesel particulate filter comprised of 

the mullite composition of Claim 23. 

27. The diesel paxticulate filter of Claim 26 
wherein the mullite composition has a catalyst coating on 
at least a portion of the mullite grains of the mullite 

15 composition. 

28. A catalyst comprised of the mullite 

* composition of Claim 17 having a catalyst coating on at 
least a portion of the grains of the mullite composition. 

29. The catalyst of Claim 28 wherein the 

20 catalyst is an automotive catalyst for the treatment of 
exhaust or a catalytic combustor. 

30. .A mullite composition comprised 
substantially of acicular mullite grains that are 
essentially chemically bo\md, wherein the mullite 

25 composition is substantially devoid of broomstick mullite 
grains . 
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ABSTRACT OF THE DISCLOSURE 

A porous mullite composition is made by forming 
a mixture of one or more precursor ' compounds having the 
elements present in mullite (e.g,, clay, alumina, silica) 
5 and a property enhancing compound. The property enhancing 
compound is a coinpoiHid having an element selected from the 
group consisting of Mg, Ca, Fe, Na, K, Ce, Pr^ Nd^ Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, B, Y, Sc, Ac and 
combination thereof. The mixture is shaped and to form a 
10 porous green shape which' is heated under an atjnosphere 
having a fluorine containing gas to a temperature 
sufficient to form a mullite coittposition comprised 
substantially of acicular mullite grains that are 
essentially chemically bound. 

. 15 
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